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DESCRIPTZON 



BACKGROUND OP THE INVENTION 
TECHNICAL FIELD OF THE INVENTION 
..n /""^ invention relates to a method of 

manufacturing machine parts made by means of tr!n. • . 
liquid Phase diffusion bonding. MLrpLtLui^r^^' 
present invention relates f„ ■ . '""""^"ly- the 

M netal by „eans of T P'^^''""" "^^W-e Parts ™ade 

h„nH- . transient liquid phase diffusion 

bonding .n the case of asse^ling Machine parts "hich 
ZIT -nufactured by Z.J'J""' 

wtegral .Holding, having a complicated and precise pioe 
line inside for convevina a fi,„H . Precise pipe 

.1 ,. . ""voying a fluid or reducing weiahlt anrf 

DBSCKIPTION OF THE BACKGROUND ART 
A precision part having a pipe line inside for 
conveying a fluid and also having a moving path iT„hich 

IIIZIITT - Wade Of an 

sewerage has a very complicated profile and inner 

structure according to the characteristic of the use of 

the part. Therefore, when the above precision I. . 

manufactured, it takes a great deal ofr^ ^ 

the manufacturing cost is rllld \ ! '"^ """^ 
the or^i^<^„ 9 cost is raised. Accordingly, most of 

L Which manufactured by means of casting 

2Z T.t ^= "^«<»- Alternatively 

-St Of the precision parts are manufactured in such I 
manner that a steel ingot is subject to forging so th« 
Z^ZlZTt inside is 

line or ! ""^ « *° ' Pipe 

line or a moving path in which a sliding member is moved. 
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When th., machine part is -anufactured, it is divided 
.nto several part., and they are individually 
manufactured, and finally the individual parts are 

p«tri;to a r '° "^^^^ ^^viduai 

parts .nto a product. It is necessary to particularly 
enhance the .achinin, accuracy of the parts, anlatL 
ITll'-r V "^"""^ *° e'tech^i^ue f:r 

tr:^ La"! "'%r'"" ^ ^" «se„*led 

parts Por'IL : ^he 
parts. For the above reasons, in the case of 

menufacturin, a stea. turbine or gas turbine, the 

half Of !hr ^=r"*""' substantially amounts to 

naif of the manufacturing cost. 

Accordingly, in many cases, it is possible to 
manufacture a product at low cost by the conventional 
menufacturing method in v.ich casting, forging LT 

prolr! r """"^^ °' -nufacLring the 

product has been accumulated. However, as long as they 
follow the prior art described above, when precis. " 
">ach.ne parts are manufactured, there is a high 
possibility that the high cost structure, in lich the 
product price is raised by a high manufacturing Prccess 
cost .s continued in the future. The cost of a pr^:iL 

des«::.:": ^^^^^^-^ °* 

AS Tresult '"^ ~" relatively low. 

AS a result, compared with the size and profile of a 
-chrne part, the price of the part is nLess^ily high 
Actually, parts of an engine are expensive. According^; 
the cost Of the entire apparatus, into which the precise' 
machine parts are incorporated, is remarkably raided 

^nufL"t:rt: ctt^stuctrri: rr-^ °' "^"^ 

.he manufacturing proce,:"::;t"an1 ^It""" 
necessary to reduce personnel expenses. However, in this 
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»atu« social envlro™.e„t, it i= difficult to .edu=« 
personnel expenses, on the contrary there = ^ 
.or onn., expenses to rise, „ l' :elT.„"™\ """""^ 

5 *°Ich ■ r " *° ■'-^^^P - --^ni^e by 

1 . the .anufaoturing cost of precise machine parts 
»h.ch can be ™ade by an otherwise excellent technioue is 
reduced so that the precise machine parts can be 
industrially supplied at low cost, in order to 

10 thr2"f "Place 
ZLT: '"^ °' With a nev 

the conventional manufacturing method. 

inaot*r°'^^"' " "^'"^ "° » "eel 

drilling so a, to manufacture a machine part, it i! 
necessary for an inside pipe line to be located on a 
straight line which can be forced by direct drilling 
conducted from the outside; that is, it is impossible to 

drilling conducted from the outside and it is also 
impossible to machine a closed system which is not open 

iLT/T'^- '^^"^ ^« Simply 

limited to a pipe line located on a straight line which 
IS open to the outside, but it is impossible to 
manufacture a precise machine part, which has a pipe line 

filled with a fluid or a closed pipe line necessary fL 
reducing the weight, by machining a steel ingot. The 
above pipe line, incapable of being manufactured by 
30 machining from the outside after the completion of 

manufacturing a steel ingot, cannot be manufactured by 
the prior art. such a machine part therefore cannot be 
designed, and further it is impossible to conceive of the 
machine part. 

35 

SUMMARY OF THE INVENTION 
It is an object of the present Invention to provide 
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a new assembling manufacturing technique for precise 
machine parts, which is different from the prior art, 
wherein the assembling manufacturing technique is used 
when precise machine parts are manufactured which have a 
pipe line for conveying a fluid, a pipe line for reducing 
wexght or a pipe line in which a sliding member slides, 
and conventionally the machine parts are manufactured by 
means of machining the outside or inside of a steel ingot 
made by integral molding. More particularly, the present 
invention provides an alloy foil used for transient 
liquid phase diffusion bonding when assembling of precise 
machine parts is conducted by means of transient liquid 
phase diffusion bonding, and also the present invention 
provides the condition of transient liquid phase 
15 diffusion bonding. 

Transient liquid phase diffusion bonding will now be 
described. Alloys containing elements which is the 
melting points are lower than the melting point of a 
material to be bonded can be used. Preferably, 50% or 
more of the crystal structure is substantially amorphous 
is used. These are capable of forming a joint through an 
isothermal solidification process of diffusion rate- 
determination, for example, alloys of "B or P" and "Ni or 
Fe" is interposed between faces to be bonded, that is, in 
25 the bevel to be joined. Then, the joint is heated to a 
temperature not lower than the melting point of the low 
melting point alloy into which the joint is inserted, and 
the joint is kept at the temperature, so that the joint 
can be formed in the isothermal solidification process. 
The aforementioned technique is different from the 
conventional welding technique, being characterized in 
that welding residual stress seldom exists; and excess 
metal, is not generated in the welding process, so that a 
smooth and precise joint can be formed. According to the 
above technique, the joint is made by surface bonding. 
Therefore, the bonding time is constant irrespective of 
the area of a bonding face, and bonding can be completed 
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m a relatively short period of time, in contrast to the 
conventional welding process. Accordingly, as long as 
the bevel can be kept at a temperature not lower than the 
melting point of the low melting point metal for a 
predetermined period of time, it is possible to bond a 
face to a face irrespective of the profile of a bevel. 

in Japanese Patent Publication Nos. 1891618, 1891619 
and 1837572, the present inventors have already disclosed 
the technique of transient liquid phase diffusion bonding 
which can be realized in a conventional non-oxidizing 
atmosphere by utilizing the above characteristics of 
transient liquid phase diffusion bonding and also the 
present inventors have already disclosed a new alloy foil 
used for transient liquid phase diffusion bonding which 
can be applied in an oxidizing atmosphere. 

According to the present invention, the objective 
machine part is obtained as follows, in the case where a 
precise machine part, having a pipe line for conveying a 
fluid, a pipe line for reducing weight or a pipe line in 
which a sliding member slides, is manufactured from a 
steel ingot which has been made by integral molding, the 
steel ingot is divided into a plurality of pieces on 
faces including the pipe line, and foil, powder, plating 
or alloy, the profile of which follows a face, is made to 
intervene on the divided faces, and a bonding face or one 
portion of the part or the entire part including the 
bonding face is heated to a temperature not lower than 
the melting point of the transient liquid phase diffusion 
bonding alloy and kept at the temperature for a 
predetermined period of time, so that the machine part 
can be assembled and bonded by transient liquid phase 
diffusion bonding and the final profile can be ensured. 

When transient liquid phase diffusion bonding is 
applied for assembling a machine part as described above, 
the important aspect is the specification characteristic 
of the machine part which has been assembled by bonding, 
in order to enhance the effect of industrial mass 
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production, it is preferable that the manufacturing 
process be simplified to the utmost and that the 
manufacturing cost is low. a load caused by bonding 
stress acting on the bonding face, which is indispensable 
to transient liquid phase diffusion bonding when a 
plurality of pieces are assembled into a final shape by 
transient liquid phase diffusion bonding, must be a value 
at Which a Change in the profile of the bonding material 
to be bonded is as small as possible and correction of 
the profile of the assembled part is as small as 
possible. 

The present inventors made investigations into the 
manufacture of machine parts in which transient liquid 
phase diffusion bonding is used. As a result of their 
investigations, the present inventors experimentally 
ensured the following facts. The condition in which it 
is not necessary for the shape of an assembled machine 
part to be corrected is one in which the of contraction 
in the direction of a load generated by bonding stress 
according to plastic deformation in the process of 
bonding is not more than 5%. Also, the present inventors 
experimentally ensured. That in order to reduce the 
manufacturing process cost, it is not desirable to 
restrict the bonding atmosphere. Even when the oxygen 
concentration in the atmosphere is not less than O.Oi 
mass%, it is preferable to use an alloy foil capable of 
realizing transient liquid phase diffusion bonding, a 
sununary of the present invention is given below. 

(1) A precision machine part made of transient 
liquid phase diffusion bonding metal having a conveyance 
passage in which liquid or gas of a pipe line or cylinder 
passes, the precision machine part being divided into a 
plurality of pieces on an arbitrary face in the axial 
direction of the conveyance passage, the pieces being 
adhered to each other by transient liquid phase diffusion 
bonding. 

(2) A method of manufacturing a precision machine 
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part made of transient liquid phase diffusion bonding 
metal, comprising the steps of: dividing a precision 
machine part into a plurality of pieces on an arbitrary 
face in the axial direction of a conveyance passage in 
5 which liquid or gas of a pipe line or cylinder passes; 

and adhering the pieces to each other, each piece having 
an alloy used for bonding which contains v in 1 to 10 
atomic % on the divided face, by transient liquid phase 
diffusion bonding in an oxidizing atmosphere containing 
10 oxygen in 0.01 mass % or more. 

(3) A method of manufacturing a precision machine 
part made of transient liquid phase diffusion bonding 
metal according to item (2), wherein the divided face is 
a single face, continuous multiple faces, divided 
multiple faces, a continuous curved face or a divided 
curved face including a conveyance passage in which 
liquid or gas in a pipe line or cylinder passes. 

(4) A method of manufacturing a machine part in 
which transient liquid phase diffusion bonding is 
conducted under the condition that the temperature is 
900° to xaoo^c, the surface pressure is 30 MPa at the 
maximum and the stress loading time is not less than 30 
seconds, comprising the step of applying transient liquid 
phase diffusion bonding alloy containing one of b and P 

25 or both of B and p in 1 to 15 atomic % in total, also 
containing V in 1 to 10 atomic %, the balance being Pe 
and unavoidable impurities, the transient liquid phase 
diffusion bonding alloy being capable of bonding in an 
oxidized atmosphere, the crystal structure of the 

30 transient liquid phase diffusion bonding alloy being 
substantially amorphous, wherein the amount of 
contraction in the bonding stress loading direction 
caused by plastic deformation in the process of bonding 
is not more than 5% at all positions on a bevel face of 

35 the material to be bonded. 

(5) A method of manufacturing a machine part in 
which the transient liquid phase diffusion bonding 
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described in item (4) is used, wherein the transient 
liquid phase diffusion bonding alloy is an amorphous 
alloy of Ni base. 

(6) A method of manufacturing a machine part 

5 according to item (4) or (5), in which transient liquid 
phase diffusion bonding is used, wherein the method is 
applied to a part the surface roughness (Rmax) of the 
bevel surface of the material to be bonded of which is 
not more than 100 im. 

(7) A method of manufacturing a machine part 
according to one of items (4) to (6), in which transient 
liquid phase diffusion bonding is used, wherein a 
substantially amorphous bonding alloy is used, the 
mechanical characteristic or corrosion resistance of the 
bonding alloy is respectively made suitable for the 
chemical composition of the material to be bonded, and 
the bonding alloy contains one or two and more of the 
following elements by atomic % so as to enhance the joint 
characteristic . 

C: 0.1 to 10.0% 
Si: 0.1 to 5.0% 
Mm 0.5 to 5.0% 
Cr: 0.1 to 20.0% 
Mo: 0.1 to 5.0% 
25 Nb: 0.01 to 5.0% 

Ti: 0.01 to 5.0% 
(8) A method Of manufacturing a precision machine 
part made of transient liquid phase diffusion bonding 
metal, comprising the steps of: dividing a precision 
machine part made of metal having a conveyance passage, 
in which liquid or gas in a pipe line or cylinder passes, 
into a plurality of pieces on an arbitrary face in the 
axial direction of the conveyance passage; realizing 
isothermal solidification by quick heating the machine 
part by means of high frequency induction heating in an 
oxidizing atmosphere, the content of oxygen of which is 
not less than 0.01 mass%, in a constant temperature 
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furnace; exerting bonding stress by a load or Instron 
type tensile/compression device in the constant 
temperature furnace; holding at a constant temperature 
the bonding temperature for homogenization the joint 
structure according to atomic diffusion in the case of 
transient liquid phase diffusion bonding in the constant 
temperature furnace in which quick heating including high 
frequency induction heating is conducted; and conducting 
cooling rate control after completion of isothermal 
solidification by spraying a cooling medium such as water 
so as to ensure the mechanical characteristic of a 
portion or the entire machine part. 

in the present invention, when an alloy for bonding, 
condition for bonding and accuracy of a bevel face of 
material to be bonded for assembling and bonding a 
machine part are specified as described above, it is 
possible to provide a method of manufacturing a machine 
part, the manufacturing process cost of which is low. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a view showing profiles of pieces of a 
machine part, which has been manufactured by integral 
molding, which is divided into pieces on a face passing 
through a pipe line formed inside the machine part, in 
particular. Fig. i is a view showing a fluid injection 
nozzle. 

Fig. 2 is a view showing profiles of pieces of a 
machine part, which has been manufactured by integral 
molding, which is divided into pieces on a face passing 
through a pipe line formed inside the machine part, in 
particular. Pig. 2 is a view showing profiles of pieces 
of a divided faucet in a fluid conveyance passage. 

Fig. 3 is a view showing a model of a butted state 
in the case of assembling a fluid injection nozzle by 
transient liquid phase diffusion bonding, wherein Fig. 3 
is a view taken in a direction perpendicular to a bonding 
face. 
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Fig, 4 is a view showing a model of a butted state 
in the case of assembling a fauc t by transient liquid 
phase diffusion bonding, wherein Fig, 4 is a view taken 
in a direction perpendicular to a bonding face. 
5 Fig. 5 is a view showing a portion of a fluid 

injection nozzle to be machined after the fluid injection 
nozzle has been assembled by transient liquid phase 
diffusion bonding, wherein Fig. 5 shows the inside and 
outside of the fluid injection. 
^° Fig. 6 is a view showing a state of engagement of a 

faucet, which has been assembled by transient liquid 
phase diffusion bonding, with a disk part which has been 
machined separately from the faucet. 

Fig. 7 is a perspective view showing a cylindrical 
machine part having three pipe lines inside. 

Fig. 8 is a view showing a profile of divided pieces 
of a machine part which has been divided into two pieces 
on a face including pipe lines, wherein Fig. 8 is taken 
in a direction of a bonding cross-section and also taken 
in a direction perpendicular to a bonding face. 

Fig, 9 is a view showing a butted state of a half 
part in the case of assembling and bonding by transient 
liquid phase diffusion bonding, and also showing the 
direction of a bonding stress load. 

Fig. 10 is an enlarged view showing a pipe line 
portion in the case of butting bonding faces to each 
other as shown in Fig, 9. 

Fig. XI is a graph showing a relation between a 
ratio of bonding defect length and bonding face roughness 
30 before conducting bonding. 



35 



THE MOST PREFERRED EMBODIMENT 
When the present invention is executed, the material 
of an objective machine part is not particularly limited. 
It is possible to apply the technique of the present 
invention to all metallic materials to which it is 
considered to be able to apply transient liquid phase 
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diffusion bonding. For example, even in the case of 
coimnon carbon steel, high carbon steel or low carbon 
steel, the common welding of which is considered to be 
difficult, it is possible to realize a bonding joint by 
transient liquid phase diffusion bonding. Further, even 
in the case of stainless steel containing Cr or Ni in 
various ratios, highly corrosion-resistant alloy steel, 
Ni alloy, the base material of which is Ni, other alloys, 
and Al, Ti and Zn, which are non ferrous metals, and 
other practically used metals can be bonded by transient 
liquid phase diffusion bonding when bonding alloys 
suitable for those metals are used. 

m the present invention, a precision machine part, 
having a pipe line for conveying a fluid, a pipe line for 
reducing weight or a pipe line in which a sliding member 
slides, which has been conventionally manufactured by 
means of integral molding, is manufactured in an 
inexpensive manufacturing process such as press forming, 
rolling, grinding and polishing for each piece when the 
machine part is divided into a plurality of pieces on a 
face including the pipe line and the thus divided pieces 
are assembled and bonded by transient liquid phase 
diffusion bonding by using a transient liquid phase 
diffusion bonding alloy. 

in this case, it is necessary for the machine part 
to be divided on a face on which an internal pipe line 
passes. By virtue of the foregoing, each piece can be 
manufactured by an inexpensive and simple method such as 
press forming, m this case, the machine part may be 
divided into pieces, the number of which may be two or 
more. As long as the cost of the manufacturing process 
does not rise higher than that of the conventional 
manufacturing process as a result of simplifying the 
manufacture and increasing the number of the 
manufacturing processes, the number of the pieces into 
which the machine part is divided may be appropriately 
determined. The divided face may be a plane, a curved 
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face, or continuous or discontinuous multiple faces or 
curved faces, a profile of the divided face may be 
appropriately determined so that each piece can be easily 
manufactured when the machine part is divided into a 
plurality of pieces, in this connection, a profile 
formed inside the final machine part may be one 
continuous passage or a plurality of independent 
passages, and a profile of the pipe line itself may be 
arbitrarily determined, i.e. as long as faces to be 
bonded in the case of assembling correspond to each 
other, the pipe line is not particularly limited to a 
specific profile, it is possible to assemble the machine 
part regardless of whether the pipe line is open or not 
open to the external surface, m this connection, the 
Characteristic of the bonding section changes variously 
according to a combination of the material to be bonded 
with the transient liquid phase diffusion bonding alloy. 

in the present invention, the characteristic of the 
bonding face can be arbitrarily changed according to the 
specification of the machine part to which the present 
invention is applied, in other words, the characteristic 
of the joint is not particularly limited. The joint 
efficiency is not necessarily 1, and the structure is not 
necessarily completely homogeneous, of course, from the 
viewpoint of the characteristic of the machine part, it 
is preferable that the joint efficiency be 1 and the 
structure be completely homogenous. However, the joint 
efficiency and the structure may be determined according 
to the manufacturing cost of the machine part. It is 
possible to conduct various heat treatment, chemical 
treatment or machining on the machine part after 
completion of assembling. For example, in the case of 
steel, heat treatment such as quenching, tempering, 
normalizing or annealing may be singly or complexly 
conducted or repeated depending upon the case, which is 
effective for enhancing the characteristic of the machine 
part and does not impair the effect of the present 
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invention, it is effective to conduct cementation, 
nitriding, plating, surface treatment such as coating, 
powder blasting or shot blasting for enhancing the 
characteristic of the machine parts. 

In the case of assembling by transient liquid phase 
diffusion bonding, the conditions of pressurizing and 
heating the bonding face, which are necessary for 
realizing transient liquid phase diffusion bonding, may 
be determined according to the types of the material to 
be bonded and the transient liquid phase diffusion 
bonding alloy, in this case, the method and the means 
for pressurizing and the method and the means for heating 
are not particularly limited. However, in order to 
realize quick heating, it is necessary to adopt high 
15 frequency induction heating. m order to control the 

bonding stress uniformly and accurately, it is preferable 
to use a bonding device of the Instron type having a 
compressive stress loading function. The bonding 
atmosphere is not particularly limited, it is possible 
to apply transient liquid phase diffusion bonding which 
is conducted in a common non-oxidizing atmosphere, in 
the case where a transient liquid phase diffusion bonding 
alloy containing v by i to 10 atomic % is used, it is 
possible to conduct bonding in an atmosphere the oxygen 
concentration of which is not less than 0.01%, i.e. in 
which it is not necessary to use a non-oxidizing 
atmosphere. Therefore, the manufacturing cost can be 
greatly reduced and the manufacturing process can be 
shortened. The reason the manufacturing cost can be 
greatly reduced and the manufacturing process shortened 
is that the bonding alloy containing v by 1 to 10 atomic 
% has a function by which transient liquid phase 
diffusion bonding can be conducted even in an atmosphere 
containing oxygen of 0.01% or more. Therefore, it is 
effective in enabling a reduction of the manufacturing 
cost of the machine part and shortening the manufacturing 
process of the machine part, which are the object of the 
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present invention, m addition to that, in order to 
enhance mass-production, it is preferable that a heat 
supply source for quick heating and a heat supply source 
for keeping the machine part at a constant temperature be 
provided separately from each other. For example, it is 
preferable that heating until completion of isothermal 
solidification be conducted in a high frequency induction 
heating furnace and that the homogenization diffusion 
treatment for ensuring the characteristic according to 
the specification of the machine part be successively 
conducted in a large electric furnace. Further, in order 
to homogenize the metallic structure of the bonding 
section so as to enhance the characteristic of the 
machine part, it is necessary to control cooling after 
15 completion of bonding. Especially when the rate of 
cooling after completion of bonding is controlled by 
blowing a cooling medium such as gas, oil or water or by 
dipping the joint itself in a cooling medium, it is 
possible to obtain an objective metallic structure. 

In the present invention, in the case of assembling 
the objective machine part, the profile of a bonding 
alloy is not particularly restricted. Transient liquid 
phase diffusion bonding can be adopted to bonding of 
assembling parts, it is possible to apply foil, powder 
or plating, which will enhance the effect of the present 
invention. However, the transient liquid phase diffusion 
bonding alloy must contain one of B and P or both of B 
and P in 1 to 15 atomic % in total and also contain v in 
1 to 10%, the balance being Ni or Fe and unavoidable 
impurities, the transient liquid phase diffusion bonding 
alloy being capable of bonding in an oxidized atmosphere, 
the crystal structure of the transient liquid phase 
diffusion bonding alloy being substantially amorphous. 
As a form of transient liquid phase diffusion bonding 
alloy, it is possible to supply it in the form of foil, 
powder or plating to a bonding interface in the case of 
assembling bonding- Concerning the amorphous alloy 
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composition to realize transient liquid phase diffusion 
bonding, except for the above alloy composition, it is 
possible to use an alloy disclosed in United states 
Patent No. 4,144,058. it is also possible to use a 
transient liquid phase diffusion bonding alloy containing 
P, B and c as diffusion atoms disclosed in Japanese 
Unexamined Patent Publication No. 49-91014. when an 
excessively high stress is exerted on a bonding face of a 
precision machine part made of metal in the case where 
the precision machine part is assembled by means of 
transient liquid phase diffusion bonding in which it is 
necessary to apply pressure to the bonding face, there is 
a possibility that the desired final profile of the 
machine part cannot be obtained. in order to avoid the 
occurrence of such a problem, it is necessary to keep the 
amount of contraction in the direction of a bonding 
stress load, which is caused by plastic deformation in 
the case of bonding, to not more than 5% in all portions 
on the bevel face of the material to be bonded. 

When the thickness of a layer of bonding alloy which 
is interposed between the bonding faces is relatively 
small in the case where the machine part is assembled by 
means of transient liquid phase diffusion bonding, there 
is a possibility that some portions of the bonding faces 
will not be bonded because of irregularities on the 
surface of the material to be bonded, i.e. there is a 
possibility that a bonding defect will occur when there 
is an upper limit in the bonding stress in transient 
liquid phase diffusion bonding in which the bonding faces 
must be in close contact with each other. Accordingly, 
in the case of assembling bonding, it is necessary to 
reduce irregularities on the bonding face of the material 
to be bonded, and the surface roughness (Rmax value) must 
be of a value. not more than 100 pm. 

The above restriction values placed on the material 
to be bonded were determined by the following 
experiments. An alloy for transient liquid phase 



20021 1^168 \mn m^Aa Aoki, Ishida 81354701 91 k •:Qo:S1.3€^#ii4!i±fe3d^^ 



10 



20 



25 



35 



- 16 - 



diffusion bonding, the essential composition of which is 
based on the chemical composition of the present 
invention, is shown in the form of a foil, powder or 
plating in Fig. 7. a fluid conveyance body, in which 
three pipe lines are formed, is divided into two pieces 
by a face on which the pipe lines pass, and the thus 
divided faces are bonding faces, and the alloy for 
transient liquid phase diffusion bonding is interposed 
between the bonding faces. In this connection, the half 
part shown in Fig. 7 was manufactured by press forming. 
Pig. 8 is a view showing circtimstances of the bonding 
faces and the pipe lines, it is impossible to form such 
pipe lines by drilling which is conducted from the 
outside on a cylinder manufactured by integral molding. 

As shown by a model in Fig. 9 which is a view of the 
half part taken in a direction perpendicular to the 
dividing face, bonding stress was exerted on the bonding 
face in the direction perpendicular to the bonding face 
while the bonding stress was changed variously, and the 
entire part was heated to the transient liquid phase 
diffusion bonding temperature and kept at the temperature 
for a predetermined period of time so as to realize 
transient liquid phase diffusion bonding. In this way, 
the machine part was manufactured. At this time, in 
order to evaluate the grade of deformation in the 
neighborhood of the pipe lines, changes in the diameters 
of the pipe lines were measured before and after the 
bonding. Table 1 shows changes in the bonding stress and 
the diameter of the pipe line in the case where mild 
30 steel obtained on the market was used which contained 

carbon by 0.14%, the mechanical strength of which was 400 
MPa. More specifically, as shown in Fig. 10, values of 
t (pipe line diameter before bonding) - (pipe line 
diameter 10 in compression direction after bonding) / (pipe 
line diameter 7 before bonding)] are shown by percentage 
together with the values of bonding stress, in this 
case, the bonding temperature was 1200''C, and the bonding 
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time was 300 seconds. Further, Table 1 shows whether or 
not seizing occurred when a sliding member passed inside 
the pipe line together with lubricant in the case where 
the pipe line had been deformed by bonding stress after 
completion of bonding. More particularly. Table 1 shows 
whether or not the pipe line normally functioned as a 
cylinder part. At the same time. Table 1 shows whether 
or not the fluid temperature exceeded the restriction 
value by a local pressure increase caused by deformation 
of the pipe line when a fluid passed in the pipe line at 
a high flow velocity. 



Table 1 



Mark 


Quantity of 
compression in 
bonding stress 
loading 

direction (%)* 


Bonding 
stress 

(MPa) 


Occurrence of 
seizing in the 
case of piston 
sliding 


Exceeding of 
upper limit of 
increase in 
conveyance fluid 
temperature 


1 


1.2 


1 


No 


No 


2 


2.2 


3 


No 


No 


3 


2.8 


5 


No 


No 


4 


3.0 


10 


No 


No 


5 


3.9 


15 


No 


No 


6 


4.8 


20 


No 


No 


7 


5.0 


30 


No 


No 


8 


6.7 


40 


Yes 


Yes 


9 


9.9 


50 


Yes 


Yes 


XO 


23.5 


70 


Yes 


Yes 



* Quantity of compression (%) in bonding stress 
loading direction = [(pipe line diameter before bonding) 
- (pipe line diameter in compression direction after 
bonding) ]/ (pipe line diameter before bonding) 



As can be seen from Table 1, seizing of the piston 
in the cylinder occurred in the case where the amount of 
contraction of the material in the bonding stress loading 
direction, i.e. the ratio of change in the pipe line 
diameter exceeded 5%. Also, as can be seen from Table 1, 
an increase in the temperature of a conveyance fluid 
(water for industrial use in the present experiment) 
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exceeded the restriction value (35''C) under the same 
condition. Further, the following were confirmed. 
Although malfunctioning of the machine part depended 
somewhat upon the bonding stress when the type of the 
5 material to be bonded^ the profile of the piston^ the 
ingredient of the lubricant^ the ingredient of the 
conveyance fluid and the conveyance speed of the fluid 
were changed variously, as long as the bonding 
temperature and bonding stress were changed in a range in 

10 which consideration was given to the manufacturing cost/ 
malfunctioning occurred under substantially the same 
condition. More specif ically, the following were found. 
It is necessary to restrict deformation of the pipe line 
inside the machine part when a bonding stress load is 

15 exerted, i.e. it is necessary to restrict the cimount of 

contraction in the bonding stress loading direction to be 
not more than 5%- 

As can be clearly seen from Table 1, in order to 
restrict the amount of contraction in the bonding stress 

20 loading direction to be not more than 5%, it is necessary 
to restrict the bonding stress to be not more than 30 
MPa. This relation between the stress and the amount of 
contraction is caused by thermal plastic deformation 
generated for 300 seconds at a bonding temperature of 

25 laoO^'C, Therefore, the higher the stress, the greater 
the deformation is increased. Accordingly, the loading 
stress is restricted. It can be also considered that 
this quantity of deformation is a function of the bonding 
time. However, a clear dependency upon the bonding time 

30 was not observed in the period of time of the experiment 
and in the scope of the embodiment described later. 
Therefore, the upper limit of the load stress was 
determined according to the results shown on Table 1 . 

Further, in the case where the bonding stress of 10 

35 MPa was exerted under a bonding condition of 1200 and 
300 seconds, roughness of the bonding face of the 
material to be bonded was adjusted by machining. In the 
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material, the Rmax value of which was different, the 
quality of the bonding section is shown in Fig. 5 by a 
ratio of the bonding line length of a portion, which has 
not been bonded yet, which was found by optical 
microscopic examination conducted on the cross-section of 
the bonding face. This ratio of the bonding line length 
of a portion, which has not been bonded yet, will be 
referred to as the "Ratio of defective bonding length", 
hereinafter. According to the preliminary examination, 
it was found that when the ratio of defective bonding 
length is not more than 12, and the mechanical strength 
of the joint is not less than 70% of the base metal. 
Further, according to market research and the reliability 
evaluation test, it was found that a joint cannot be used 
reliably for the industrial machine parts if the joint 
efficiency is lower than 70%. Accordingly, in this case, 
the threshold value is set at the joint efficiency 70%, 
and the reference of judgment of the machine part 
assembling joint was determined in such a manner that the 
ratio of the defective bonding length was 12. As can be 
seen from Fig. 11, when the value of Rmax exceeded 100, 
the ratio of the defective bonding length exceeded the 
threshold value of 12. This relation is not strongly 
correlated to the type of material to be bonded, the 
bonding temperature and the bonding time, i.e. this 
relation existed almost in all conditions. Due to the 
foregoing, the surface roughness of the bonding face of 
material to be bonded in the machine part assembling 
bonding was restricted 100 [xm at the maximum. 

On the other hand, concerning the bonding alloy used 
for transient liquid phase diffusion bonding, a Ni-base 
bonding alloy or an Fe-base bonding alloy has been 
developed and put into practical use. However, as long 
as the bonding alloy is limited to industrial use, the 
composition of the bonding alloy is seldom proposed while 
consideration is being given to the mechanical or 
chemical uniformity of the bonding section. Since the 
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Width of the bonding metal after the completion of 
bonding in the transient liquid phase diffusion bonding 
joint is not more than 50 ^m, which is very narrow, i.e. 
\ since the width of a portion corresponding to the welded 

5 metal in welding is not more than 50 jm, which is very 
narrow, and since the mechanical characteristic of the 
bonding metal seldom affects their use because of the 
restriction effect of the material in the periphery, and 
since the area of the bonding metal exposed to the 
environment is small, discontinuity of the chemical 
characteristic can be neglected in many cases. However, 
the size of the precision machine part, which is an 
objective matter of the present invention, is small. 
Therefore, even when a discontinuous structure the length 
of which is several ten \m exists in the joint, the 
performance of the material to be bonded will be affected 
when the joint is used. Accordingly, in the present 
invention, from the viewpoint of maintaining the 
mechanical or chemical characteristic, the chemical 
composition of the transient liquid phase diffusion 
bonding alloy is restricted so that it is the same 
composition as that of the welding material. 

The bonding alloy contains one or two and more of 
the following elements by atomic %, such as, C: 0.1 to 
25 10.0%, Si: 0.1 to 5.0%, Mn: 0.5 to 5.0%, Cr: 0,1 to 

20.0%, Mo; 0.1 to 5.0%, Nbj 0.01 to 5.0%, and Ti« 0,01 to 
5.0%. 

At the same time, in order to make the crystal structure 
of this alloy substantially amorphous and in order to 
make it possible to conduct transient liquid phase 
diffusion bonding, the transient liquid phase diffusion 
bonding alloy contains one of B and P or both of B and P 
in 1 to 15 atomic % in total, and also contains V in 1 to 
10%, the balance being Pe and unavoidable impurities. 
Concerning the addition of V in some cases, V is added 
for making the chemical composition of the material to be 
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bonded uniform. However, the primary object of adding V 
is to make it possible to conduct bonding in an oxidizing 
atmosphere. The above restriction in chemical 
composition is for the following reasons. 
5 C increases the mechanical strength of metal through 

forming a solid solution, strengthening crystallization 
and accomplishing a phase transformation, m order to 
exhibit the effect of c, it is necessary for the metal to 
contain c in 0.1%. when the metal contains C in a value 
10 greater than 10%, the metal may be embrittled. 

Therefore, the range of c content was determined to be 
0.1 to 10%. 

Si is necessary element for enhancing the ratio of 
amorphousness of a bonding alloy, and further si can 
15 facilitate formation of a solid solution in a grain of 
the metal. These effects is exhibited when the content 
of Si is more than 0.1%. when the content of si exceeds 
5%, Si remains in the bonding metal in the form of 
silicon oxide. Therefore, the content of Si was 
determined to be in the range 0.1 to 5.0%. 

Mn increases the mechanical strength of metal 
through forming a solid solution and accomplishing a 
phase transformation, in order to achieve the effect of 
Mn, it is necessary for the metal to contain Mn in 0.5% 
25 at least. When the metal contains Mn in a value greater 
than 5.0%, the metal may be embrittled. Therefore, the 
range of Mn content was determined to be 0.5 to 5.0%, 
Cr facilitates non-diffusion transformation and 
enhances the mechanical strength in the case of a phase 
30 transformation. At the same time, Cr forms a protective 
coating on the surface, so that the corrosion-resistance 
of the bonding metal is enhanced, when the content of Cr 
is lower than 0.1%, no effect is achieved, when the 
content of Cr exceeds 20%, it is difficult for the 
35 bonding metal to become amorphous. Therefore, the 

content of Cr was determined in the range from 0.1 to 
20%. 



20 
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Mo is an element for strengthening the formation of 
a solid solution so that the mechanical strength can be 
enhanced at high temperature. Mo is indispensable for 
bonding heat-resistant metal, when the content of Mo is 
not more than 0.1%, no effect is achieved, when the 
content of Mo exceeds 5.0%, grains of oxide, the sizes of 
which are coarsened, are created, and further 
intermetallic compound is created. Therefore, the 
bonding metal is embrittled. Thus, the content of Mo was 
determined to be in the range from 0.1 to 5.0%, 

Both Nb and Ti are elements for forming carbide and 
nitride. Therefore, at high temperatures, Nb and ri 
prevent the crystal grains of a bonding alloy from 
coarsening so that the toughness can be enhanced. At 
15 room temperature or low temperature, Nb and Ti strengthen 
crystallization so as to enhance the mechanical strength 
of the bonding metal, when the contents of Nb and Ti are 
respectively lower than 0.05%, no effect is achieved. 
When the contents of Nb and Ti respectively exceed 5.0%, 
grains of crystallization coarsen, so that the bonding 
metal is embrittled. Therefore, the content was 
determined to be in the range from 0.05 to 5.0%. 

Example 1 

2^ The half machine parts shown in Pigs. 1 and 2 were 

butted to each other as shown in Pigs. 3 and 4. Between 
the butted faces, a piece of alloy foil for transient 
liquid phase diffusion bonding composed of more than 50% 
amorphous, which was formed into the same profile of the 
butted face by cutting or machining, the thickness of 
which was 30 \m, was interposed, while a sufficiently 
heavy load for transient liquid phase diffusion bonding 
was being exerted on the butted faces, the entire machine 
parts were put into a furnace, in which the atmosphere 
35 could be controlled, having a high frequency induction 
heating coil, and the machine parts were all quickly 
heated to a transient liquid phase diffusion bonding 



20 0 2^ 1^16B mm WhH Aoki, Ishida U^HUmk .mn-s^-n, 



- 23 - 




10 



15 



20 



temperature and maintained at the temperature for a 
period of time necessary for isothermal solidification of 
transient liquid phase diffusion bonding. After that, 
the entire machine parts were cooled to room temperature 
and finished to a final profile as shown in Fig. 5 or 6 . 
The chemical compositi«^n of the bonding alloy, which was 
used in this embodiment, is shown on Table 2. The 
Characteristic of the material used in this embodiment is 
shown on Table 3, together with the primary chemical 
composition. Concerning the profile of the piece of 
foil, with respect to the characteristic of a product 
obtained after the completion of bonding, there was no 
difference between a piece of foil, the profile of which 
was exactly the same as the profile of the bonding face, 
and a piece of foil, the profile of which was an 
arbitrary profile covering the bonding face, i.e. the 
profile of which was substantially rectangular or 
elliptical, m other words, the mechanical 
characteristic of the bonding section was exactly the 
same, as was the appearance after finishing. 

Table 2 Composition of bonding alloy used for 
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Mark 


B 


P 


Si 


V 


Balance 


Bondinci metal 1 


3.0 




1.0 


4.5 


Ni 


Bonding metal 2 


4.5 




5.0 


7,5 


Ni 


Bonding metal 3 


2.0 


1.0 


0.5 


2.5 


Fe 


Bonding metal 4 




4.0 




3.0 


Ni 


Bonding metal 5 


3.5 




2.0 




Ni 



Table 3 



Chemical composition (mass %) of material 





C 


Si 


Mn 


Cr 


Mo 


Ni 


N 


Tensile 
strength 


Proof 
stress 


Steel X 


0.12 


0.1 


0.8^ 








0.003 


420 


320 


Steel 2 


0. 14 


0.2 


0.5 


1.0 


0.5 


0.2 


0.005 


480 


360 


Steel 3 


0.05 


0.22 


0.5 


12.0 






0.025 


600 


480 


Steel 4 


0.02 


0.25 


0.5 


fT8.2 




8^0 


0.007 


650 


420 



Concerning the thickness of a piece of foil for 
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bonding, even when two or three pieces of foil, the 
thickness of which was 30 urn, were placed one on the 
other, the same characteristic was achieved. Concerning 
the temperature at which transient liquid phase diffusion 
bonding is realized, the most appropriate value is in 
relation to the melting point of foil, m the case of 
foil used in this experiment, the most appropriate value 
is considered to be in the range from melting point +50° 
to 150 "C. It is possible to select a value from a range 
from 850 to 1400''c corresponding to various types of 
foil, and it is necessary to heat to the temperature 
concerned. Further, the isothermal solidification 
process of transient liquid phase diffusion bonding is a 
special solidification phenomenon caused by rate- 
15 determining of diffusion of a common diffusion atom such 
as B or P, i.e. the isothermal solidification process of 
transient liquid phase diffusion bonding is a factor 
determined by the diffusion rate of B or p into the 
material to be bonded. However, the diffusion rate is 
20 changed greatly by the bonding temperature, and 

isothermal solidification is completed in a short period 
of time when the temperature is high. Accordingly, the 
period of time in which can be the parts are manufactured 
should be appropriately selected from a range from 850° 
to 1400-C according to the melting points of the material 
to be joined and foil, m this case, the period of time 
was determined to be a value in the range from 10 seconds 
to 3 600 seconds. 

Concerning the machining conducted after the 
completion of assembling bonding, the amount of machining 
is determined by the difference between the final profile 
of the part and the profile of the part immediately after 
the completion of bonding, when the profile of the part 
immediately after the completion of bonding is 
35 essentially the same as the final profile, it is not 

necessary to conduct finishing, when the final profile 
coincides with the profile of the part immediately after 
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the completion of bonding in the allowance of machining, 
it is also not necessary to conduct finishing, in the 
case shown in Fig. 5, the final part was obtained only by 
machining. However, in the case shown in Fig. 6, the 
final part was provided in such a manner that a disk, 
which had been separately prepared, was engaged with the 
part in which a screw had been formed. The machining or 
assembling conducted after the completion of bonding may 
be appropriately determined from the viewpoint of 
dividing the manufacturing process in view of the profile 
of the final product and also in view of reducing the 
manufacturing cost and simplifying the manufacturing 
process . 

The part shown in Fig. 5 is a fluid injection nozzle 
15 having a pipe line inside. When the final product of the 
part was used as a machine part, the characteristics of 
the base metal and the bonding section of the final 
product of the part were essentially the same as those of 
a part having the same profile which was manufactured by 
20 means of forging and grinding. In other words, the same 
values were obtained with respect to the high temperature 
oxidizing characteristic (an increase in the thickness of 
oxidation scale per unit time on the external surface of 
the part), the corrosion resistance (hardness) and the 
25 mechanical strength of the bonding face for fluid 
pressure. The results are shown in Table 4. 



Table 4 Result of evaluation of characteristic in 
using fluid injection nozzle 



30 







Thickness of 
oxidation scale 
300^C X 1000 hours 


Hardness 
Hv(lkg) 


Tensile 
strength 
(MPa) 


Part of 
the 


Base metal 
section 


27 \m (External 
surface) 


224 


474 


present 
invention 


Bonding 
section 


26 \m (External 
surface) 


231 


481 


Conventional part 


28 fxm (External 
surface) 


227 


477 
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Remark (1) Part of the present invention: A half 
part is subjected to press-forming, and assembled by 
transient liquid phase diffusion bonding and finished so 
as to form a product. 

Remark (2) Conventional part: A forged steel ingot 
is machined into a part having a predetermined profile, 
and further an internal pipe line is formed by precise 
drilling. 



The part shown in Pig, 6 corresponds to a final 
outlet of a fluid conveyance pipe line, i.e. the part 
shown in Fig. 6 has functions as a faucet, when the part 
was made in the form of a half part, the surface 
roughness of the inner surface of the faucet, which was 
conventionally made by means of integral molding, was 
remarkably enhanced from Rmax = 1 mm to Rraax « o.Ol mm. 
Further, when the assembling bonding process was applied, 
the process cost could be reduced, and the manufacturing 
process time could be shortened by 30%. when the faucet 
made by the assembling bonding was applied to water- 
supply for trial, it functioned in the same manner as 
that of the conventional faucet manufactured by integral 
molding, and no leakage occurred. Since the internal 
face of the faucet was flat, no deposit adhered to the 
25 internal face and the quality of water was enhanced, in 
this connection, the transient liquid phase diffusion 
bonding conditions of the fluid injection nozzle and the 
faucet respectively shown in Figs. 5 and 6 are shown in 
Table 5. As described before, these transient liquid 
phase diffusion bonding conditions can be appropriately 
selected according to the bonding foil and the material 
to be bonded, and also according to the characteristic 
necessary in the case of using the part. 
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Table 5 Example of condition of transient liquid 
phase diffusion bonding 





Bonding 
temperature 


Bonding 
stress 


Holding 
time 


O2 concentration 
in bonding 
heating 
atmosphere 


Fluid 

injection 

nozzle 




3 MPa 


300 seconds 


18% 


Faucet 


1250^C 


12 MPa 


35 seconds 


0.03% 



Example 2 

Bonding alloy foil, the chemical composition of 
which is described in claims 4, 5 and 7, was selected to 
be the material for bonding in the form of foil, powder 
or plating. Steel, the chemical composition of which is 
shown in Table 2, was interposed between the bonding 
faces in the case of assembling the half machine part, 
the profile of which is shown in Fig. 7, so that a 
sufficiently appropriate profile and a sufficiently large 
area could be provided. The butted parts were quickly 
heated to a transient liquid phase diffusion bonding 
temperature: 900° C or I200'c. After that, the butted 
parts were held at the bonding temperature for 60 to 300 
seconds and then cooled. in this way, the product was 
manufactured. After the completion of assembling 
bonding, an external surface was finished, as necessary. 
The part, the profile of which was formed into a final 
profile, was cut on a face perpendicular to the bonding 
face with respect to the internal pipe line, and the 
amount of contraction in the bonding stress loading 
direction was evaluated by a change in the pipe line 
diameter in the bonding stress loading direction. The 
surface roughness of the bonding face before conducting 
bonding and the defective bonding length after conducting 
bonding were measured so as to determine an influence of 
the bonding face machining accuracy. The results are 
shown in Table 6, together with the chemical composition 
of the material to be bonded. 



20021 1^168 mm W9h?3 Aoki, Ishida 81 35470 1 91 1-^ cum -n '^..^..^. IMh ^iP«,iN^3 

^ . - 28 - 



o 

•H 

4J 
C 
(D 
> 
C 
•H 

4J 

C 
O 
CO 

<y 
a 

o 
o 

o 

04 



o 




c 


CO 








o 






fO 


-p 






o 




a, 


0 






tj\ 




a 


s 


•H 


0 


-o 




c 


+J 


0 




X) 






c 


iw 


o 


0 


o 






a 


ty\ 


o 


a 


M 


•H 






rtS 






■p 




o 


OJ 


03 


> 


m 








c 






o 







en 



CO 

P 

CO 
0) 

u 
-a 

(0 



0) 

<« > 

0 

O O 



2 ^ 



(D (D 
0 

O tJl 

M C 
•H 

m o 

'w ^ 
u 

CO O 



c ^ 

•H 

0 — 

% 

o 



0 -M 
4J (0 



I 8 



5^ 



0) tt 



<D 
U 
(0 

x: 

H 



c 
a 

O 



G 
O 

§ 
•H 



ID CD 

o ro 



en 



•rl 

CO 



cn CD 
in 



r* o 



CN 



CM 



in 



CM 



en 



CM 



N o m 



cs 



CM 



CM in 



in 



a> 



n 



n 



in 



CM 



m 



CD 



O V0 CD 

^ CO oi 



CM 



00 CM 
CO 



in CM 



CD 



CM 



<7l 



CM 



CM 



CD 



O 



o 



at «H 



CM 



cn 



CM 



1^ 
in 



CM 



CO 
C^ 



c^ 



CO 



CM 



2002$ 1^1 68 1 96132^ mVvH Aoki. Ishida 81 354?01911jLe;O3XS^^#Jflk:l[^l 



10 




- 29 - 



As results shown in Table 5, the following were 
found. The characteristic of the bonding portion of the 
machine part, which was assembled and bonded by the 
method of the present invention, satisfactorily agrees 
with the performance of the use of the internal pipe line 
in the machine part. Therefore, the machine part, which 
was assembled and bonded by the method of the present 
invention, exhibits the same high performance as that of 
a machine part manufactured by the conventional method in 
which the machine part is manufactured by means of 
integral molding at high cost in a long manufacturing 
process . 

Fig, 7 shows a result of evaluation of a machine 
part, the characteristic of which is partially inferior 

15 to the characteristic of the machine part manufactured by 
the prior art, in which integral molding is used, because 
this machine part was not manufactured according to the 
technique of the present invention, although the 
manufacturing method is similar to that of the present 

20 invention. However, even in this case, it is impossible 
to manufacture a pipe line, which is formed in the 
machine part shown in Fig. 7, by the prior art. 
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In the manufacturing conditions of machine parts A 
to M and the results of evaluation of the bonding 
portions conducted by the comparison method shown in 
Table 7, and machine parts A to M are described as 
follows. In the case of machine part A, C (carbon) was 
high in the composition of the bonding alloy, and the 
bonding roetal was embrittled and coagulation cracks were 
caused in the process of isothermal solidification in the 
transient liquid phase diffusion bonding. As a result, 
the ratio of the defective bonding portion length 
exceeded the threshold value, in the case of machine part 
B, the quantity of V added to the bonding metal was 
insufficient, so that a large quantity of oxide remained 
in the bonding metal. As a result, the ratio of the 
defective bonding portion length exceeded the threshold 
value. In the case of machine part C, the quantity of V 
added to the bonding metal was too much, and a large 
quantity of V oxide remained in the bonding metal, as a 
result, the ratio of the defective bonding portion length 
exceeded the threshold value, in the case of machine 
part D, the quantity of Cr added to the bonding metal 
exceeded 20 atomic %. Therefore, the bonding metal was 
not amorphous, and a remarkable segregation was caused 
and boride of Cr was created in the alloy. As a result, 
it was impossible to execute a transient liquid phase 
diffusion bonding, and the ratio of the defective bonding 
portion length exceeded the threshold value. In the case 
of machine part E, the quantity of Mo was excessively 
large, and a large quantity of intermetallic compound 
containing Mo was created in the bonding metal, and the 
ratio of the defective bonding portion length exceeded 
the threshold value, in the case of machine part f, the 
quantity of Nb was excessively large. Therefore, grains 
of carbide and nitride, the size of which was coarsened, 
were deposited on the final solidification position of 
isothermal solidification, and the ratio of the defective 
bonding portion length exceeded the threshold value. In 
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the case of machine part the quantity of Ti was 
excessively large. Therefore, grains of carbide and 
nitride, the size of which was coarsened, were deposited 
on the final solidification position of isothermal 
5 solidification, and the ratio of the defective bonding 

portion length exceeded the threshold value. In the case 
of machine part H, the quantity of Si was excessively 
large. Therefore, a large quantity of Si oxide remained 
in the bonding metal. As a result, the ratio of the 

10 defective bonding portion length exceeded the threshold 

value. In the case of machine part I, the quantity of Mn 
in the bonding metal was excessively large. Therefore, 
the mechanical strength of the bonding metal was 
increased to too high a level and the bonding metal was 

15 embrittled, and cracks were caused in the process of 

solidification, and the ratio of the defective bonding 
portion length exceeded the threshold value. In the case 
of machine part j, the concentration of B (boron) was 
high, and it was possible to conduct the transient liquid 

20 phase diffusion bonding. However, a large quantity of 
boride remained in the bonding metal. Therefore, the 
ratio of the defective bonding portion length exceeded 
the threshold value. In the case of machine part a 
large quantity of P was contained and left in the bonding 

25 metal. Therefore, the ratio of the defective bonding 

portion length exceeded the threshold value. In the case 
of machine part L, the bonding face machining accuracy 
before conducting bonding was low, i.e. the surface 
roughness of the bonding face was high. Therefore, when 

30 a high stress was exerted, the amount of contraction in 

the bonding stress loading direction exceeded 5%. At the 
same time^ the ratio of the defective bonding portion 
length exceeded the threshold value 12. Therefore, it 
was impossible for this machine part to satisfy the 

35 required performance. In the case of machine part M, 

when a high stress was exerted, the amount of contraction 
in the bonding stress loading direction exceeded 5%. 
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Therefore, it was impossible for this machine part to 
satisfy the performance required of it, 
INDUSTRIAL POSSIBILITY 

The present invention provides a method of 
5 effectively manufacturing a precision machine part at low 
manufacturing cost by applying a process in which split 
parts capable of being simply manufactured are adhered to 
each other by a bonding technique of transient liquid 
phase diffusion bonding or face bonding instead of a 
10 conventional method of manufacturing a precision machine 
part having a complicated and precise pipe line inside by 
means of integral molding. 



